Oxygen utilization in splenic cells of normal and BCG-sensitized guinea pigs was measured in a Warburg respirometer in the absence and in the presence of Old Tuberculin (OT). In the absence of OT, normal and sensitive cells respired at the same rate; in the presence of OT, normal cell respiration remained unchanged, whereas the respiration of sensitive cells increased significantly. This enhancement of oxygen utilization in sensitive cells was induced with OT but not with Purified Protein Derivative and it was most pronounced during the first hour of the interaction between the cells and the antigen. When normal splenic cells were treated with an extract of hypersensitive cells, their respiration was enhanced in the presence of OT. Oxygen utilization in cells of desensitized animals did not differ from that in cells of normal animals. The absence of reactivity to OT in splenic cells and in the skin of desensitized guinea pigs suggested that both phenomena are expressions of antigen-induced biological changes in cells of animals with delayed hypersensitivity.
There is experimental evidence that peritoneal exudate cells from animals exhibiting tuberculin hypersensitivity undergo certain biological changes in the presence of tubercle bacilli or their products. As a result of these changes, macrophages show an increase in many of their properties and activities such as phagocytosis and number of lysosomes and mitochondria, with corresponding increases in enzymatic and other activities (3) . This activation of macrophages may be closely related to cellular immunity which seems to determine the nonspecific immune state of the host (9, 10) . In recent years, attempts have been made to find out whether these biological changes in macrophages and other cells of the sensitive animal could be correlated with an existing delayed hypersensitivity. The method described by George and Vaughan (6) is used widely in studying a possible correlation between delayed hypersensitivity and the immobilization of sensitive macrophages by specific antigens (1, 5) .
Several investigators attempted to correlate the immunity of BCG-vaccinated animals with the respiration-enhancing effects of tuberculin for sensitive cells. The techniques employed (11, 14, 15, 17) . In this communication, we report the results of investigations that define optimal conditions for determining differences in oxygen utilization between normal and sensitive cells during their exposure to specific antigen. The results suggest that the respiration of sensitive cells in the presence of specific antigen may be used as an indicator of an existing delayed hypersensitivity.
MATERIALS AND METHODS
Sensitization. Male and female guinea pigs weighing between 400 and 700 g were sensitized by the subcutaneous injection of 5 mg (wet weight) of tubercle bacilli (BCG) which had been grown in Dubos-Tween albumin-dextrose medium for 10 days. Each animal received three to four injections of BCG spaced at 1-month intervals. Approximately 2 to 3 weeks after the sensitization period and 1 week before collection of cells, animals were chosen as donors of sensitive cells if they showed an area of induration 2.0 cm or more in diameter, 48 hr after intradermal injection of 0. Desensitization of guinea pigs. Hypersensitive animals were desensitized gradually by intracardiac injections of 0.5 ml of a 1:100 dilution of OT on 2 consecutive days. This treatment was followed on the third day with an intracardiac injection of 0.5 ml of a 1:10 dilution of OT. These injections were performed in anesthetized animals with sterile syringes and 26 gauge needles. The tuberculin skin test was performed on the fourth day; when it was negative on the fifth and sixth day, the desensitized guinea pig was used as a spleen donor within 48 hr of the last skin test reading.
RESULTS
A preliminary study was conducted to determine which concentration of OT was optimal for induction of a stimulatory effect in sensitive, but not in normal cells, and to establish the time during which this stimulation is most pronounced. Experiments showed that the tuberculin in 1 :100 or higher dilutions exerted no effect on oxygen utilization in normal splenic cells; lower dilutions of undialyzed OT, but not dialyzed OT, showed a tendency to increase the respiration of normal cells. In all of the experiments presented in this report, 30 million normal or sensitive cells were exposed to a 1: 300 final dilution of OT; this dilution was equivalent to 8 utilization could be induced in sensitive cells with a specific antigen, attempts were made to find out whether this biological change could be used in the study of delayed hypersensitivity. In a previous study (7, 8) , we demonstrated that an extract prepared from cells of tuberculin-sensitive guinea pigs could passively sensitize normal cells or passively transfer tuberculin sensitivity to normal animals; such an extract prepared from the cells of vaccinated but desensitized animals lacked the sensitizing property. Attempts were made, therefore, to determine the rate of respiration in cells sensitized with hypersensitive cell extract and in cells of desensitized guinea pigs during their exposure to OT. Normal cells sensitized with the extract of hypersensitive cells responded to the presence of OT by increased oxygen utilization ( Table 2 ). This stimulatory effect of OT, however, was lacking in cells collected from desensitized guinea pigs.
DISCUSSION
The data presented herein indicate that an increase in oxygen utilization which takes place in hypersensitive cells during their exposure to specific antigen can mirror the state of delayed hypersensitivity on a cellular level. The two aspects of this phenomenon which we wish to discuss are: (i) the reasons for the failure of most previous studies to demonstrate it and (ii) its possible relationship to delayed hypersensitivity. Reasons for the contradictory findings in studies of the effects of tuberculin on sensitive cells can be deduced from several well-described experimental methods. First, Marks and James (11) collected cells from guinea pigs which had been vaccinated once with 0.25 ml of living BCG culture. Twenty-four hours before the collection of cells from the serous cavities, these investigators induced the exudate cells by injecting 0.1 ml of OT into the pleural or peritoneal cavity. The reactions to OT in hypersensitive animals were severe; some animals died, others became ill. Results showed that cells of surviving animals consumed oxygen at the same rate as cells obtained similarly from normal animals. It is likely that such a treatment with OT desensitized the animal cells in the serous cavities; the cells then failed to respond with an increased oxygen utilization when exposed to specific antigen. Such a possibility of desensitization is suggested by results obtained in this study. Second, even if the sensitive cells had not been desensitized, the investigators still would not have been able to induce an increase in oxygen utilization with a purified protein prepared from OT by trichloroacetic acid precipitation. Our results indicated that the trichloroacetic acid precipitate of OT as well as PPD are ineffective in the stimulation of respiration in sensitive cells. Third, Marks and James measured the oxygen utilized at the end of a 5-hr incubation period; results obtained in our study showed that the maximal difference in respiration between sensitive and normal cells, in the presence of OT, was seen during the first hour of incubation. It is possible, therefore, that oxygen utilization values for a total 5-hr period for sensitive and normal cells might not differ significantly. Fourth, Marks and James primarily used neutrophil leukocytes, mononuclear leukocytes, and other exudate cells which might not be the cells of choice for the study of biological changes during cellular hypersensitivity. The spleen, a predominantly lymphoid organ, was used in our study because lymphocytes are the competent cells of delayed hypersensitivity (12, 13) .
The above criticism can be applied to all investigations in which respiration of sensitive cells in the presence of specific antigen was measured with negative results. Thus, Cruickshank (4) exposed skins of normal and sensitized animals, obviously not lymphoid tissues, to 2 or 8 ,ug of PPD and observed no alteration in the respiratory rate. Similarly, negative results were obtained by Sanford et al. (14) , who investigated oxygen utilization in sensitive splenic cells in the presence of PPD. These results agree with our finding that PPD lacks the property to stimulate sensitive cells.
To elicit an increase in respiration of hypersensitive cells, certain critical requirements must be fulfilled: (i) the tissue should consist of lymphoid cells; (ii) the stimulatory antigen must be OT and not PPD; (iii) the cells should be obtained from an animal showing a high degree of reactivity; and (iv) the time of oxygen utilization should be measured immediately after the exposure of cells to the specific antigen.
Investigations conducted by Schweiger, Tomcsanyi, and Low showed an increase in oxygen utilization only under special circumstances (15, 17) . In these experiments, oxygen utilization of peritoneal exudate cells could be demonstrated only 24 hr after infection of animals with a virulent strain of tubercle bacillus. Apparently, animals vaccinated with 1 ,ug of BCG had to be infected with H37 Rv to induce the tuberculinenhancing effect in cells. Since guinea pigs received 1 mg of H37 Rv bacilli intraperitoneally and cells were collected from the peritoneal cavity 24 hr after the infection, it is difficult to give a meaningful interpretation to these results.
In a recent paper, Schweiger et al. (16) described experiments in which it was possible to transfer passively the respiration-enhancing effect of OT to normal cells by use of nucleic acid obtained from cells of animals vaccinated with BCG. Probably this success can be attributed to a vaccination dose which had been increased from 1 p.g to 1 mg of BCG cells. It is difficult to explain, however, why cells of BCG-vaccinated animals were not stimulated, whereas passively sensitized cells were stimulated in the presence of OT.
The possible significance of this respiratoryenhancing effect of tuberculin on sensitive cells in cellular immunity and delayed hypersensitivity remains to be determined. Changes which take place in cells during the infection of vaccinated animals (10) suggest that the enhanced respiration in immune cells during the infection may be indicative of an existing resistance to disease.
Experiments with passively sensitized cells and cells of desensitized animals indicate a close correlation between this and our previous investigations (7, 8) . Previous studies have demonstrated that the delayed hypersensitivity factor has an affinity for normal cells and that this factor can be released from sensitive cells in the presence of a specific antigen both in vivo and in vitro. We found that the release of the delayed hypersensitivity factor is accompanied by the absence of skin reactivity in desensitized animals. Similarly, in this study, the results showed that such unresponsiveness in the skin of desensitized guinea pigs to tuberculin challenge is associated with the absence of the tuberculin-enhancing effect on the respiration in cells of desensitized animals.
Results presented in this report show a fundamental difference between OT and PPD in the enhancement of respiration in sensitive cells; whereas OT, in a dilution equivalent to 8 ug of PPD per 3-ml content of a Warburg flask, significantly increased the respiratory rate of sensitive cells, PPD, in a concentration of 75 ug per flask, failed to do so. Tomcsanyi et al. (17) also reported the existence of such a difference in activity of these two substances. Although these investigators used more than four times as much PPD as was used in our work, the sensitive cells responded much less to PPD than to OT. To determine the effectiveness of OT and PPD in the induction of skin reactivity, we challenged 10 BCG-vaccinated guinea pigs intracutaneously with 10 Mug of PPD on right side and with OT, equivalent to 10 MAg of PPD, on the left side of their bodies. Compared to skin reactions elicited by PPD, reactions in the response to OT were more than double in the area of induration and in the degree of skin thickness; the presence of necrosis was observed only in the response to OT. In our previous work, we also observed that the passively transferred tuberculin-type hypersensitivity in guinea pigs treated with hypersensitivecell extract could be demonstrated by skin testing with OT but not with PPD (unpublished data). Therefore, the possibility exits that, in addition to protein, another antigen is present in OT which increases or determines the stimulation of hypersensitive cells. It has been demonstrated that both protein and carbohydrate fractions of tuberculin possess the capacity to induce a delayed skin reactivity (2) . Proper attention should be given, therefore, to the antigen used in the study of both the biological changes in sensitive cells and the mechanism of delayed hypersensitivity.
